Abstract Based on ecospectra of 66 published carpofloras we study dynamics and evolution of Turgay vegetation in Western Siberia during the early Oligocene to earliest Miocene. The ecospectra are obtained using a Plant Functional Type (PFT) classification system comprising 26 herbaceous to arboreal PFTs. The carpofloras originate from seven floristic levels covering the time-span from the Rupelian to early Aquitanian. Key elements of these levels are documented based on original collection materials. Although impacted by local edaphic conditions, the ecospectra can be interpreted in terms of changing vegetation. Our data show that warm temperate mesophytic, mixed conifer-broad-leaved deciduous forest assemblages persisted throughout the Oligocene and earliest Miocene in this core area of Turgai type vegetation. This is in line with comparatively stable climate conditions persisting in the studied time-span, showing a minor temperature decline and coeval moderate increase in seasonality and precipitation. Concurrently, the reconstructed ecospectra contradict significant continental drying throughout the Oligocene and earliest Miocene. Spatial variability of the proportions of PFTs within the single floristic horizons primarily reflects local edaphic conditions. High diversities of PFTs characteristic for swamp vegetation are mainly confined to the early Oligocene and have a regional focus. Our results indicate that taxonomical diversity, particularly concerning mesic herbs and deciduous shrubs and trees, increased towards the end of the Oligocene. This increase in biodiversity probably can be attributed to an increase in rainfall and extension of terrestrial habitats after the final retreat of the Paratethys.
Introduction
In the territory of northern Asia, "Turgai type flora" existed since the beginning of the Cenozoic (Budantsev, 2017) . This vegetation represented a mesophilous, deciduous broadleaved forest vegetation that probably evolved from the Tsagayan type flora (Krasilov, 1976) which existed since the late Cretaceous in the continental area bordering the West Pacific. These temperate mixed broad-leaved conifer forests were mainly composed of species belonging to the Taxodiaceae, Cupressaceae, Cornaceae, Hamamelidaceae, and Nyssaceae families (Akhmetiev, 2010) . The Turgai type flora widely extended over Western Siberia and the Far East of Russia (Budantsev, 2017) . To the Southwest of Russia, it was bordered by the Poltava flora, mainly composed of warm temperate ("subtropical") evergreen elements including palms and laurels (Budantsev, 2017) . The boundary between both flora types remained stable during the Paleocene and Eocene (Kryshtofovich, 1955) and shifted to the South during the Oligocene although distinct positions of this transition have not been established yet (Budantsev, 2017) . This paleoenvironmental change has been attributed to general climate cooling and the coeval retreat of the West Siberian Sea (Akhmetiev & Benyamovskiy, 2009; Popova et al., 2012; Akhmetiev & Zaporozhets, 2014; Budantsev, 2017) . At the same time, the emergence of alpine structures in the South of the study area that deprived Western Siberia and Kazakhstan of the effect of the warm Tethys (Dorofeev, 1967) , and the isolation of the Polar Basin in the North gradually led to cooler, drier, and more continental climate conditions that developed during the Neogene. Relicts of the Ancient flora only survived near locally preserved warm water bodies (Dorofeev, 1967) .
The evolution of the Western Siberian Cenozoic flora is considered mainly autochthonous. The flora arose on the basis of the regional vegetation existing in the late Cretaceous (Akhmetiev, 2010) . From all evolutionary stages of the flora European, Japanese, North American or temperate Holarctic elements are reported, which points to a common Cretaceous origin of all regional floras of the Northern Hemisphere temperate zone (Dorofeev, 1963; Akhmetiev, 2010) .
The paleobotanical record of Western Siberia has been extensively studied, mainly based on carpological remains (Dorofeev, 1963 (Dorofeev, , 1967 Nikitin, 2006 Nikitin, , 2007 . Since mammal fauna is scarce in the continental deposits of Western Siberia, fruits and seeds have been used to establish a regional biostratigraphic zonation. The stratigraphic chart drawn up by Nikitin (2005) meets the actual requirements of the Russian Geological Survey. The floristic levels serve as an autonomous standard and support interregional correlations of stratigraphic units in different areas of Russian Asia by means of lithology and paleomagnetic data (Babushkin et al., 2001; Nikitin, 2005) . Although vast literature resources exist on the macropaleobotanical record and phytogeography of Western Siberia (e.g., Kryshtofovich, 1932 Kryshtofovich, , 1936 Kryshtofovich, , 1946 Kryshtofovich, , 1955 Nikitin, 2006 Nikitin, , 2007 , detailed comparisons of vegetation types and changes of the assemblages throughout the Paleogene have been difficult to assess because the analysis of spatial vegetation patterns and temporal evolution trends requires quantification of vegetation change. In a first step, paleofloras from Siberia and the Far East of Russia and covering the entire Cenozoic were studied in a total of nine stratigraphic levels (Popova et al., 2013) . To obtain a quantitative interpretation the paleofloras were interpreted in terms of diversity of 26 herbaceous to arboreal plant functional types. The study revealed larger scale continental patterns but did not resolve regional vegetation evolution in more detail.
In this study we focus on Oligocene to earliest Miocene Turgai type floras of Western Siberia in order to quantify vegetation dynamics using the same PFT classification system as employed in Popova et al. (2013) at higher temporal resolution. In a comparatively restricted region extending from ca. 65 to 88°E and from ca. 55 to 66°N, respectively, floristic changes throughout the Oligocene to earliest Miocene are studied based on 66 carpofloras from a total of seven floristic levels. Thus, it is possible to assess diversity and ecological composition of Turgai type floras in an important core area of this younger Paleogene vegetation type and to analyse changes in the vegetation structure throughout the studied time-span, in the context of a changing paleoenvironment.
Material and Methods

Carpological record
For the present study 66 diverse carpofloras were selected from the western Siberian fossil record published by Nikitin (2006) . The location of the floras is shown in Fig. 1 . The selected floras are assigned to seven floristic levels (Fig. 2) . As is outlined in the introduction, these levels serve as a basis for the regional stratigraphy of the continental deposits of western Siberia and mostly correspond to mapped lithological units (Nikitin, 2006) . Thus, the regional stratigraphical concept allows for studying the succession of plant assemblages during the Oligocene to early Miocene, even if the absolute age ranges of the single stages have their uncertainties. The correlation of the regional stratigraphic stages and floristic levels of the Paleogene of western Siberia with the international standard, as suggested by Nikitin (2006) , is shown in Fig. 2 . The Mezhovka (two floras), Stashkovo (five floras), early (four floras) and late Mikhaylovka (five floras) levels correspond with the Rupelian while the Basandayka (10 floras) and Koshkul (three floras) levels can be correlated with the Chattian. The Lyamin floristic level (nine floras) includes the latest part of the Chattian and extends to the earlier Aquitanian. Taxonomic diversity of the studied floras ranges from 20 to 189 taxa (mean diversity: 61.2). Studied sites including references, geographical coordinates, and available stratigraphic information are given in the Electronic Supplement (Table S1 ). For most of the carpofloras studied herein climate data reconstructed with the Coexistence Approach are available in Popova et al. (2012) (cf. also Table S1 ). To illustrate key taxa of the floristic levels representative fossil seeds and fruits kept in the collection of the Komarov Botanical Institute of the Russian Academy of Sciences, Saint Petersburg, specimens were examined under a Zeiss Stemi 2000-CS stereomicroscope and imaged using a LomoMicrosystems MC-6.3 Camera with MS-view software.
The PFT (plant functional type) concept
To obtain quantifiable ecospectra for the Turgai type floras in order to reconstruct vegetation patterns and their changes throughout the Oligocene a concept of plant functional types (PFTs) is employed. PFTs are characterized using plantmorphological traits (tree, shrub and herb), leaf physiognomy (e.g., broad-or needle-leaved), phenological patterns (evergreen, deciduous), bioclimatic tolerance (e.g., temperate, tropical), and functional features without obvious structural differences (C3 and C4 photosynthetic pathways) (FranS cois et al., 2011; Henrot et al., 2017) . The 26-PFT classification is based on a system comprising 15 arboreal, 3 herbaceous, and 8 shrub PFTs (Popova et al., 2013) . The 26-PFT classification with a selection of characteristic key taxa is presented in Table 1 .
In the analysis, all taxa recorded at a given site are considered without taking into account the abundance of the fossil materials in order to minimize taphonomic effects (Utescher & Mosbrugger, 2007) . In the PFT approach, the accuracy of PFT identification mainly depends on the taxonomic level of NLR identification. If the level is low, a fossil taxon may contribute to various different PFTs, and not all of them were necessarily present at the fossil site. Henrot et al. (2017) provided a coexistence table to attenuate this effect by excluding improbable PFTs in a flora and thus reducing their number. To ensure that signals from all potentially present PFTs are recorded we do not employ this technique here, but combine broad-leaved evergreen warm temperate and tropical woody PFTs (shrubs: PFTs 8 and 11; trees: PFTs 21 and 26) when plotting the spectra. The complete set of PFT data for the studied floras is provided in the Electronic Supplement (Table S1 ).
Results and Discussion
According to previous works on leaves and carpoflora, Oligocene vegetation of Turgai type was established in the study area after the terminal Eocene cooling as it partly replaced a more thermophilous vegetation existing mainly in Oligocene vegetation of western Siberiathe southern part of the study area during the Eocene (Poltava type, e.g., Zhilin, 1997 Zhilin, , 2001 ). According to Zhilin (2001) , Turgai type vegetation is characterised by warm temperate, mixed conifer broad-leaved forests that differed regarding their contents in thermophilous Eocene relicts, with typical Turgaian temperate elements being more diverse in the late Oligocene floras (Nikitin, 1989; Zhilin, 2001) . This general picture is largely supported by pollen analyses (Panova, 1971; Kuzmina & Volkova, 2001; Volkova & Kuzmina, 2004) . Both, the early and late Oligocene pollen complexes are characterised by abundant mesophilic, warm temperate deciduous species, mainly belonging to the Juglandaceae, Fagaceae, Ulmaceae, and Betulaceae, and by conifers while evergreen broad-leaved components had almost disappeared (Zhilin, 1984 (Zhilin, , 2001 ).
In the following we describe PFT diversity spectra obtained for 66 Oligocene to earliest Miocene carpofloras including means calculated for the single floristic levels, and discuss the results in the context of the taxonomical composition of the carpological complexes established by Nikitin (1978) (Fig. 2) . According to Nikitin (1978 Nikitin ( , 2005 Nikitin ( , 2006 , the floristic evolution in the territory of Western Siberia during the Oligocene to earliest Miocene can be subdivided in four successive flora types comprising a total of seven floristic levels (Fig. 2) . The Altym flora includes the Mezhovka and Stashkovo floristic levels and can be assigned to the earlier part of the Rupelian. The later Rupelian corresponds with two levels (early, late) of the Novomikhailovka flora. The Lagerniy Sad flora represents the Chattian and includes the Basandayka, Koshkul and early part of the Lyamin levels. The Tara-Vasyugan flora is represented by the Lyamin level and corresponds with the latest Chattian to early Aquitanian (Nikitin, 2005) .
With regard to vegetational interpretations of the discussed PFT spectra it should be noted that carpofloras tend to reflect local plant associations while elements of the zonal vegetation may be underrepresented (e.g., Vassio & Martinetto, 2012; Popova et al., 2017; Teodoridis et al., 2017) . Thus they may not reflect the entire diversity spectrum of zonal vegetation types existing at that time, even though only presence/absence of taxa is considered here, and not their abundance. On the other hand, ecospectra obtained with carpofloras represent well the diversity of herbaceous components and hence are useful in the identification of open vegetation.
Rupelian
Floras of the early Rupelian Mezhovka and Stashkovo levels (Altym flora) are characterized by the lowest diversity in herbaceous components recorded in the Oligocene spectra studied, attaining ca. 7% at a mean for the Mezhovka floras and ca. 12% for the Stashkovo floras, respectively (mainly the mesic PFT 1) while the diversity proportion of the arboreal component attains almost 60%, at a mean. Regarding the means, 65%/50% of the tree diversity refers to broad-leaved deciduous PFTs; the remaining part is about equally represented by various different conifer and broad-leaved evergreen PFTs. As shown in Fig. 3 diversity spectra of the Stashkovo floras show some variability. In the Amelich, Nizhnya Tav., and Orlovka floras, broad-leaved evergreen PFTs may attain higher proportions (near 20% of total diversity when shrubs are included). According to Zhilin (1984 Zhilin ( , 2001 this broad-leaved evergreen vegetation component is characteristic of floras of the early Oligocene and usually includes relicts of the thermophilic Eocene vegetation widely distributed in Kasakhstan and Western Siberia. In the present analysis, the broad-leaved evergreen fraction includes taxa belonging to the Myricaceae, Araliaceae, Cornaceae, Moraceae, and Rutaceae families. Lauraceae and palms, both characteristic components of the early Paleogene vegetation of Western Siberia (Budantsev, 2017) , are absent from our carpological record.
Accordingly, the interpretation of the taxonomical composition of the Mezhovka level of the Altym carpofloras (Nikitin, 2005 ) reveals a mixed forest with frequent Taxodiaceae Fig. 4 , 1À8, typical broad-leaved trees of Magnoliaceae (Magnolia Fig. 4 , 9À10, Liriodendron Fig. 4, 11À13 ), Juglandaceae (Pterocarya Fig. 4, 14À15 ), Flacourtiaceae (Poliothyrsis Fig. 4 , 16), Ulmaceae (Aphananthe Fig. 4, 17) , Moraceae (Morus Fig. 4 , 18À19) Simaroubaceae (Ailanthus Fig. 4, 20) , with diverse lianas (Ampelopsis Fig. 4, 21 ) that remain unclassified in the PFT system. The diverse shrubby undergrowth evident from the ecospectra is mainly composed of Aralia Fig. 4, 22 , Comptonia  Fig. 4, 23, Swida Fig. 4 , 24À25, and Diervilla (Fig. 4, 26À27) . Characteristic early Oligocene herbaceous components mentioned by Nikitin (Azolla asiatica Fig. 4 , 36-36a, Potamogeton auricularis Fig. 4 , 29, Sparganium elongatum Fig. 4 , 30, S. multiloculare Fig. 4, 31À33 ) are aquatic facies elements and therefore not included in the spectra. In the collections, carpofloras of the later Stashkovo level reveal a similar species composition but Eocene relics that were still present in some of the floras of the Mezhovka level had become rarer (Nikitin, 2005) . Moreover, some typical Turgaian elements, not found at the Mezhovka level, are observed for the first time, mainly herbaceous components such as Azolla sibirica (Fig. 4, 28) , Humulus, Caldesia proventitia, and Aracispermum canaliculatum. Also probably deciduous broad-leaved trees (Cyclocarya crassa Fig. 4 , 34, Nyssa sibirica Fig. 4 , 35, Tubela tavdensis (extinct), T. tomskiana (extinct)) appeared for the first time. These changes in taxonomical composition of the flora might be reflected in the general high variability of the ecospectra of the Stashkovo level, however, the spectra do not indicate any Fig. 3 . Diversity spectra of the studied floras allocated to seven floristic levels established by Nikitin (2005) . For explanations of PFTs cf. Table 1 , for a complete set of PFT diversity percentages cf. Table S1 . The late Rupelian floristic Novomikhaylovka levels are characterized by a slightly increased proportion of mesic herbs, compared to the older Stashkovo level (ca. 13%) and significant reduction of arboreal PFTs in the late Novomikhaylovka level where they attain only ca. 63%, at a mean. The spectra for the single floras assigned to the Novomikhaylovka levels, however, show some inhomogeneity. The Vasyug flora of the early Novomikhaylovka level is characterized by a considerable proportion of conifer PFTs (>20%) while the Katyĺg flora represents intrazonal swamp vegetation, mainly composed of evergreen broad-leaved trees and conifers representing PFT 18. The Yudino flora of the late Novomikhaylovka level has no evergreen broad-leaved components at all, but diverse conifer PFTs, including PFT 18. The raised importance of swamp vegetation components in the spectra coincides with extended marsh environments with browncoal formation at that time (Arbuzova, 1997) . Five out of six localities with these increased proportions of PFT 18 belong to the Novomikhaylovka level (Yudina, Kompass Bor, Amelich, Vasyug, Katyĺg), all located in the middle reaches of the Ob river that possibly can be related to the closer catchment area of the retreating Paratethys (Fig. 1) .
As regards taxonomical composition, the early Novomikhailovka floristic level is mainly characterized by early Oligocene taxa such as Azolla sibirica Fig. 4 , 28, Salvinia subsibirica Fig. 4, 37À38 , S. intermedia, Nuphar tavdensis, Betula apoda, B. tertiaria Fig. 5, 19À20 , Aracispermum hippuriformis, and Pistia sibirica Fig. 5, 21À22 , etc. The appearance of new herbaceous taxa, not only of aquatics but also of mesic herbs, is also reflected by the ecospectra obtained from the late Novomikhailovka level. First time occurrences of conifer taxa and broad-leaved deciduous elements contribute to the relative high proportions the respective PFTs attained in that level.
Chattian
The late Oligocene is considered as the main phase of Turgai type vegetation that spread over large parts of Kasakhstan and Western Siberia at that time (Zhilin, 1997 (Zhilin, , 2001 Kornilova & Lavrov, 1949) . The ten carpofloras allocated to the early Chattian Basandayka level display rather homogeneous ecospectra. The mean diversities in Fig. 6 indicate a further increase in herbaceous PFTs, now attaining almost 20%. It is noteworthy that PFT 2 (xeric herbs) is present in all floras, except for Tashi-Bar, indicating the presence of components that potentially tolerated dry growth conditions. Most of these components, however, such as members of the Poaceae and Lamiaceae families may also exist under mesic conditions. With a mean diversity of arboreal taxa at 40%, the shrub layer made up a large proportion (ca. 40% at a mean) and thus was relatively more diverse, especially when compared to the early Rupelian levels (ca. 33% in a mean). Overall, the arboreal spectrum shows a very minor decline in diversity of broad-leaved evergreen components when compared to the late Rupelian level, while a significant decrease in the relative diversity of needle-leaved elements occurred (from ca. 22% to 17% at a mean). The late Chattian Koshkul level is represented by three floras. The level is characterized by the highest relative diversity in herbs (25% at a mean) and lowest in arboreal components (ca. 35% at a mean) amongst the studied levels. The arboreal spectra display a relatively low relative diversity of needle-leaved components, PFT 15 is not recorded. The diversity of broadleaved deciduous taxa in relation to that of other kind of trees had increased and was now higher than in all earlier levels studied.
From the taxonomical point of view, the Basandayka and Koshkul' levels both are part of the Lagerny Sad flora which is characterized by the occurrence of typical Miocene taxa (in the lower level: Ceratophyllum tenuicarpum, Alnus flexilis Nikitin (2006) characterized the vegetation as rich mesophilic mixed forest in general, dominated by coniferous (in particular, Taxodiaceae) and broad-leaved trees. The high importance of broad-leaved trees in the arboreal fraction is supported by the diversity spectra while spectra of only two out of 13 floras from both levels show an increased diversity of conifers. When considering the ecospectra obtained for single floras and mean PFT diversities, our data accordingly point to stable conditions of the plant ecosystem but suggest a more open forest with very diverse shrub and herb layers, compared to the Rupelian types.
Oligocene À Miocene transition
The Lyamin floristic level, placed at the Oligocene-Miocene boundary, shows again higher variability among the eight floras available in our record. This applies to the proportion of herbs, especially of PFT 2 which may attain up to 5% or may be missing completely; also diversity proportions of evergreen broad-leaved components and swamp trees (mainly PFT 18) may vary considerably. When regarding mean values it is shown that the Lyamin spectra about resemble the vegetational composition in the early Chattian (Basandayka level). However, regarding arboreal diversity, broad-leaved deciduous components have gained importance since the Chattian, at the expense of broad-leaved evergreen taxa belonging to the Myricaceae, Araliaceae, Cornaceae, Moraceae, and Rutaceae families. This is in line with successive disappearance of Eocene "subtropical" relicts towards the end of the Oligocene (Zhilin, 2001 ) that contributed to the diversity of broad-leaved evergreen PFTs in the earlier levels.
By taxonomic composition the Tara-Vasyugan flora type, corresponding with the earliest Miocene Ambrosimovka horizon of the Lyamin floristic level (Fig. 2) , can be characterized as mixed broad-leaved-coniferous forest including Taxodioideae (mainly Taxodium and Glyptostrobus), a large complex of broad-leaved trees, thermophilic bushes, and lianas (Magnoliaceae, Fagaceae, Juglandaceae, Theaceae, Styracaceae, Ulmaceae, Moraceae, Cannabaceae, Simaroubaceae, Rutaceae, Vitaceae, Nyssaceae, etc.), and aquatic plants and bog grasses, about comparable to the earlier level. Based on the available data on Cenozoic floras of Siberia, Nikitin (1989 Nikitin ( , 2005 Nikitin ( , 2006 Fig. 5, 44 , etc. At the same time, mesophytic herbs and grasses belonging to the Alismataceae and Cyperaceae families became more abundant in the carpological record (from 15% to 25%-29%). Also, members of the mainly deciduous Betulaceae and Rosaceae families became more diverse (Nikitin, 2006) . This change in the vegetational structure is also reflected by the ecospectra and expressed in the overall high diversity of mesic herbs and increasing importance of Oligocene (Novomikhaylovka floristic level). 28, 29, Brasenia sibirica P. Dorofeev, coll. H3424, early broad-leaved deciduous woody PFTS compared to the broadleaved evergreen fraction.
Paleogeography and paleoclimate
While throughout the early Cenozoic the West Siberian Seaway existed in the western part of the study area (Akhmetiev & Benyamovskiy, 2009) , the sea retreated from this region in several regressional phases during the late Eocene (Bosboom et al., 2015) . From the early Oligocene onwards, the Paratethys (Turan Sea) was isolated and the former seaway transformed to a restricted bay with estuarine character (Akhmetiev & Benyamovskiy, 2009; Bosboom et al., 2015) (Fig. 1) . Therefore, it can be assumed that, during the time-span studied herein, our area of interest represented a comparatively homogeneous lowland region with extensive water systems. This is in line with the relative high proportions of mesic herbs and aquatics (cf. Popova et al., 2012) recorded in the ecospectra of the western Siberian carpofloras. Also, the presence of PFTs characteristic of swamp vegetation in almost all studied floras (Fig. 3) throughout the study area supports this assumption. Persistent spatial gradients of PFT diversity that could be related to specific paleogeographic settings are not obvious from our data.
Paleoclimate data for the Oligocene to Pliocene carpological record of Siberia as published by Nikitin (2006) were presented by Popova et al. (2012) . These data are based on the Table S1 ).
Coexistence Approach (Mosbrugger & Utescher, 1997; Utescher et al., 2014) and include information on various temperature and precipitation variables as well as seasonalities for all localities considered in this study. Climate maps presented for the Rupelian and Chattian suggest overall stable, warm and humid (mean annual precipitation at 800-1200 mm) conditions in the study area at that time (Popova et al., 2012) . More arid climatic conditions possibly existed in the Oligocene further to the Southeast (Str€ omberg, 2011; Bosboom et al., 2015) . The observed stable climate conditions reconstructed for the western Siberian Oligocene to early Miocene coincide with the relative stability of the global climate as evident from marine archives (Zachos et al., 2008) , and the absence of fundamental changes in atmospheric pCO 2 (e.g., Roth-Nebelsick et al., 2004 . This coincides with the observed stability of the Turgai type biome and the relative resemblance of the floral ecospectra. Climate data for mean annual temperature (MAT), cold month mean (CMT), seasonality of temperate (MART), and precipitation (wettest and driest months, MPwet, MPdry) combined from Popova et al. (2012) provide the climatic framework for the floristic evolution considered here by resolving the single floristic levels considered (Figs. 7B-7F ). These data suggest frost-free conditions with CMTs over 20°C warmer than present (Oligocene: ca. 1-7°C; modern: around À20°C), and a moderate seasonality in temperature (Oligocene: ca. 17-23°C; modern: at 40°C). The minor declining trend in MAT and increase in MART (Figs. 7B, 7D ) both are in line with other continental records (e.g., with the Pacific climate record reconstructed for the Oligocene of Primoryé; Utescher et al., 2015) , and probably reflect the global trend (Zachos et al., 2001 (Zachos et al., , 2008 Utescher et al., 2011) . A late Oligocene temperature rise reported from the analysis of pollen spectra (Volkova & Kuzmina, 2004 , Volkova, 2011 may correspond with the intermittent MAT increase we observe for the Basandayka level (Fig. 7B) , and with slightly raised proportions of broad-leaved evergreens in the coeval ecospectra (Fig. 6 ) and may represent a regional climate signal. The precipitation records (Figs. 7E, 7F ) display overall increasing trends of the rainfall in both the wet and the dry season, throughout the studied time-span. Especially for the Chattian to early Aquitanian Basandayka, Koshkul, and Lyamin levels significantly higher MPdry rates with medians at 40-50 mm (today: 5-20 mm) are reconstructed when compared to the Rupelian (medians at 30-35 mm). The more humid climate in the younger part of our record coincides with the distinctly increased taxonomical diversity of the carpofloras at that time (Fig. 7A) . As the dominant moisture source, the mid-latitude Westerlies come into consideration (Caves et al., 2015) ; the increased intensities of the Westerlies might mirror changes in the North Atlantic Ocean circulation (e.g., Trouet et al., 2009) .
It is known that an increase in humidity such as the number of days with rainfall correlates with greater diversity of vascular plants (Mutke & Barthlott, 2005) . This could explain the observed diversity increase in mesic herbs and deciduous woody angiosperms towards the end of the Oligocene. The reconstructed precipitation changes, however, are fairly moderate and therefore it is not quite clear if they fully explain the recorded structure and diversity changes of the Turgai type biome (Fig. 7A) . As another factor, the extension of habitat areas and increase in terrestrial habitat diversity after the final retreat of the Paratethys might have played a role.
Conclusions
Qur reconstruction based on a PFT system with 26 herbaceous to arboreal classes reveals ecospectra for a total of 66 carpofloras from 7 floristic levels of the Oligocene to earliest Miocene Turgai type flora of Western Siberia. Although carpofloras usually reflect local vegetation and may be impacted by edaphic conditions it is shown that the technique employed is suitable to unravel vegetational patterns and their evolution throughout the time-span regarded, especially when complemented with published information on taxonomy, key elements and paleoclimate. The reconstructed ecospectra point to the persistence of primarily mesophytic, mixed conifer-broad-leaved deciduous forest assemblages with a minor diversity proportion of broad-leaved evergreen elements throughout the Oligocene and earliest Miocene. All in all our data indicate that no profound changes in biome type occurred in Western Siberia at that time. The relative stability of the Turgai ecospectra throughout the Oligocene and earliest Miocene is in line with the persistence of a warm temperate, humid climate.
Spatial variability of the proportions of PFTs within the single floristic horizons probably reflects mainly the prevailing local edaphic conditions. High diversities of PFTs characteristic for swamp vegetation are mainly observed in the early Oligocene and have a regional distribution pattern. When comparing the mean proportions of PFTs obtained from the different floristic levels some longer-term trends are obvious. These involve increasing taxonomical diversity in mesic herbs and deciduous shrubs and trees. At the same time, the proportion of broad-leaved evergreen components decreased. These changes in the vegetational pattern coincide with detailed climate records showing a minor decline in temperature and increase in continentality (seasonality of temperature) but a distinct trend to more humid climate conditions towards the end of the Oligocene. As already stated in Popova et al. (2012) there is no evidence for significant drying of Western Siberia throughout the studied time-span. The vast majority of NLR families and genera of the fossil taxa that score for xeric PFTs in the analysis also include species thriving also under mesic conditions.
The considerable increase in taxonomic diversity in the late Oligocene of Western Siberia involving the appearance of various typical Miocene taxa, e.g., from the mainly deciduous Betulaceae and Rosaceae families, and a variety of zonal and azonal mesic herbaceous species, was probably triggered by increasing humidity. Also, the extension of habitat areas and increased habitat diversity of the terrestrial habitats after the final retreat of the Paratethys might have promoted biodiversity in the study area.
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